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(57) Abstract 

A circulation fan apparatus including a hermetic vessel (1) containing a corrosive process gas therein, and a circulation fan (2) 
installed in the hermetic vessel, rotors (2-1, 2-2) of the circulation fan are rotatably supported by bearings, wherein the bearings comprise 
control-type radial magnetic bearings (4, 5) and at least control-type axial magnetic bearing (6, 7) displacement sensor targets (4-1, 5-1, 
6-1 and 7-1) and rotor-side magnetic poles (4-2, 5-2, 6-2, and 7-2) of radial magnetic bearings (4 and 5) and axial magnetic bearings 
(6 and 7) are fixed to the rotors (2-1 and 2-2) of the circulation fan (2) and are disposed in the hermetic space communicating with the 
hermetic vessel, and displacement sensors (4-3, 5-3, 6-3, and 7-3) and stator-side magnetic poles (4-4, 5-4, 6-4, and 7-4) opposing 
the displacement sensor targets and rotor-side magnetic poles are disposed outside of the hermetic vessel with cans (14, 15, 17 and 18) 
interposed therebetween, whereby even when the circulation fan (2) is rotated at a high speed and under a high load, the process gas is not 
contaminated, ensuring maintenance-free operation, and furthermore, an installation space can be reduced. 
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DESCRIPTION 

CIRCULATION FAN APPARATUS AND CIRCULATION-FAN DRIVING MOTOR 

5 (TECHNICAL FIELD) 

The present invention relates to a circulation fan 
apparatus having a circulation fan installed in a hermetic 
vessel containing a corrosive gas, and the invention also 
relates to a - circulation -fan driving motor. 

10 

(BACKGROUND ART) 

Fig. 8 shows an example construction of a conventional 
circulation fan apparatus, in which a circulation fan is 
installed in a hermetic vessel. In such a circulation fan 

15 apparatus, a corrosive process gas 3 necessary for various 
chemical processes and/or physical processes is enclosed in 
a hermetic vessel 1 at a predetermined pressure, and the 
process gas 3 is circulated by a circulation fan 2 in the 
hermetic vessel lto thereby perform predetermined processes. 

20 A drive- side rotor 2-1 and a non-drive-side rotor 2-2 

are fixed at both ends of a circulation fan 2, respectively. 
The drive- side rotor 2-1 is rotatably supported by a 
rotation bearing 31 supported by a drive-side bearing cover 
30 and the non-drive-side rotor 2-2 is rotatably supported 

25 by a rotation bearing 41 supported by a non-drive-side 

1 
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bearing cover 40. 

Furthermore, a driven magnet 32 is fixed to the drive- 
side rotor 2-1, and a driving magnet 33 is arranged outside 
of the hermetic vessel 1 in a position opposing the driven 
5 magnet 32, with the drive-side bearing cover 30 sandwiched 
therebetween. The driving magnet 33 is directly connected 
to a motor 34 to transfer a driving force to the drive-side 
rotor 2-1 of the circulation fan 2. 

In the conventional apparatus stated above, the 

10 rotation bearing 31 and rotation bearing 41 are arranged in 
a hermetic space communicating with the hermetic vessel 1; 
therefore, lubricant used in the rotation bearings tends to 
contaminate the process gas. This causes a deterioration in 
the stability and reliability of processing, and 

15 necessitates relatively frequent replacement of the process 
gas. Furthermore, when the number of revolutions of the 

circulation fan 2 and bearing load are increased, the 
service life of the rotation bearings is shortened. 
Therefore, as the rotation bearings 31 and 41 are degraded, 

20 metal dust is generated and contaminates the process gas, 
contributing to a need to replace the process gas. 

Furthermore, the motor 34 is disposed outside of the 
vessel, and a magnetic coupling formed of the driven magnet 
32 and the driving magnet 33, which magnetically transfer a 

25 driving force, are used to transfer rotation force to the 
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circulation fan 2. Therefore, when the number of 
revolutions is increased, the motor 34 and the magnets (the 
driven magnet 32 and the driving magnet 33) of larger sizes 
must be used, thus necessitating the use of a large 
installation space for the apparatus. 

In consideration of the above problems, an object of 
the present invention is to provide a circulation fan 
apparatus and a circulation-fan driving motor, in which even 
when a circulation fan is rotated at high speed and under a 
high load, a process gas is not contaminated, alleviating 
the need for maintenance and allowing a smaller installation 
space to be employed. 

Another object of the present invention is to provide a 
circulation fan apparatus and a circulation-fan driving 
motor, in which sections contacting with a process gas have 
anti- corrosion characteristics which thus exhibit a longer 
service life. 

(DISCLOSURE OF THE INVENTION) 

To solve the above problems, according to a first 
aspect of the present invention, in a circulation fan 
apparatus including a hermetic vessel containing a corrosive 
process gas therein, and a circulation fan installed in said 
hermetic vessel, rotors of said circulation fan are 
rotatably supported by bearings , the apparatus is 
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characterized in that the bearings comprise control-type 
radial magnetic bearings and at least one control-type axial 
magnetic bearing, displacement sensor targets and rotor-side 
magnetic poles of the radial magnetic bearings and axial 
magnetic bearing are fixed to the rotors of the circulation 
fan and are disposed in a hermetic space communicating with 
the hermetic vessel, and displacement sensors and stator- 
side magnetic poles opposing the displacement sensor targets 
and the rotor- side magnetic poles of the magnetic bearings 
are disposed outside of the hermetic vessel with cans or 
protection layers interposed therebetween. 

As described above, the rotors of the circulation fan 
are rotat ably supported by the control -type magnetic 
bearings, the displacement sensor targets and the rotor-side 
magnetic poles are disposed in the hermetic space 
communicating with the hermetic vessel, and the displacement 
sensors and the stator-side magnetic poles are disposed 
outside of the hermetic vessel with the cans or the 
protection layers interposed therebetween. In this case, 
the displacement sensors and the stator-side magnetic poles 
which tend to degrade the process gas do not contact with 
the process gas, so that it is possible to avoid the 
degradation of the process gas. Furthermore, the 
circulation fan in the hermetic vessel is supported by the 
magnetic bearings without being contacted, so that 
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maintenance-free bearings can be realized. 

Furthermore, according to a second aspect of the 
present invention, a circulation-fan driving motor for the 
abovementioned circulation fan apparatus is characterized in 
5 that a motor rotor is fixed to at least one rotor of the 

circulation fan, the motor rotor is disposed in the hermetic 
space communicating with the hermetic vessel, and a motor 
stator opposing the motor rotor is arranged outside of the 
hermetic vessel, with the can or the protection layer 

10 interposed therebetween . 

As described above, the motor rotor that provides the 
circulation fan with a rotational driving force is fixed to 
the rotor of the circulation fan that is disposed in the 
hermetic space communicating with the hermetic vessel, and 

15 the stator is arranged outside of the hermetic vessel, with 
the can or the protection layer interposed therebetween. 
Thus, the stator that tends to degrade the process gas does 
not contact the process gas, so that it is possible to avoid 
the degradation of the process gas. Furthermore, since 

20 rotational driving force is provided to the circulation fan 
from the motor rotor, magnetic coupling is not required. 

Furthermore, according to a third aspect of the present 
invention, the circulation fan apparatus described above is 
characterized in that either the. displacement sensor targets 

25 of the control-type bearings or the rotor-side magnetic 
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poles or both of them are formed of Permalloy (an iron- 
nickel alloy including 30 to 80% nickel). 

Permalloy has anti-corrosion characteristics against 
the process gas. Therefore, as described above, by use of 
5 Permalloy to form either the displacement sensor targets of 
the control-type bearings or the rotor-side magnetic poles 
or both of them, anti-corrosion processing can be omitted 
for surfaces of the displacement sensor targets and the 
rotor- side magnetic poles. Accordingly, the distance 
10 between the rotor and stator can be reduced, by which 
performance and efficiency of magnetic bearings can be 
improved . 

Furthermore, according to a fourth aspect of the 
present invention, the circulation fan apparatus or the 

15 circulation-fan driving motor described above is 

characterized in that the cans are formed of austenitic 
stainless steel, 

Austenitic stainless steel has anti-corrosion 
characteristics against the process gas, has higher 

20 mechanical strength, and in addition, is nonmagnetic. 
Therefore, as described above, by using the austenitic 
stainless steel to form the cans, corrosion of the cans by 
the process gas can be avoided, thinner plates can be used 
for the cans , the distance between the individual rotors and 

25 stators of the magnetic bearings and the motor can be 
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reduced, and in addition, magnetic force generated by the 
magnetic bearings and the motor will not be disrupted. 
Accordingly, longer service life, higher performance and 
efficiency, and smaller sizes can be realized for the 
5 circulation fan apparatus and the circulation-fan driving 
motor. 

Furthermore, according to a fifth aspect of the present 
invention, the circulation fan apparatus or the circulation- 
fan driving motor described above is characterized in that 

10 the cans are formed of a nickel -molybdenum- chromium alloy. 

The nickel-molybdenum-chromium alloy has anti-corrosion 
characteristics against the process gas, has higher 
mechanical strength, and in addition, is nonmagnetic. 
Therefore, as described above, by use of the nickel- 

15 molybdenum- chromium alloy to form the cans, corrosion of the 
cans by the process gas can be prevented, thinner plates can 
be used for the cans, the distance between the individual 
rotors and stators of the magnetic bearings and the motor 
can be reduced, and in addition, magnetic force generated by 

20 the magnetic bearings and the motor will not be disrupted. 
Accordingly, a longer service life, higher performance and 
efficiency, and smaller sizes can be realized for the 
circulation fan apparatus and the circulation-fan driving 
motor. 

25 The aforementioned and other objects, characteristics, 
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and advantages of the present invention will be more 
apparent by referring to a description below in conjunction 
with the accompanying drawings which show preferred 
embodiments of the present invention. 

5 

(BRIEF DESCRIPTION OF THE DRAWINGS) 

Fig. 1 is a cross-sectional view showing an example of 
construction of a circulation fan apparatus according to the 
present invention ; 
10 Fig. 2 is a cross-sectional view showing detailed 

constructions of a motor and a radial magnetic bearing in a 
drive -side casing in Fig. 1; 

Fig. 3 is a cross-sectional view showing a detailed 
construction of a radial magnetic bearing in a non-drive- 
15 side casing in Fig. 1; 

Fig. 4 is a cross-sectional view showing a detailed 
construction of an axial magnetic bearing fixed to the 
drive -side casing in Fig. 1; 

Fig. 5 is a cross -sectional view showing another 
20 example of construction of a circulation fan apparatus 
according to the present invention; 

Fig. 6 is a cross-sectional view showing detailed 
constructions of a motor and a radial magnetic bearing in a 
drive-side casing in Fig. 5; 
25 Fig. 7 is a cross-sectional view showing detailed 

8 
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constructions of an axial magnetic bearing and a radial 
magnetic bearing in a non-drive- side casing in Fig. 5; and 
Fig. 8 is a cross-sectional view showing an example of 
construction of a conventional circulation fan apparatus. 

5 

(BEST MODE FOR CARRYING OUT THE INVENTION) 

Hereinbelow, referring to the drawings, preferred 
embodiments of the invention are described. Fig. 1 is a 
view showing* an example of construction of a circulation fan 

10 apparatus according to the present invention. In Fig. 1, 
the same symbols as those in Fig. 8 represent elements or 
parts which are identical or equivalent to those in Fig. 8. 

This circulation fan apparatus is the same as the 
conventional circulation fan apparatus shown in Fig. 8 with 

15 respect to an arrangement in which a corrosive process gas 3 
necessary for effecting various chemical and/or physical 
processes is sealingly contained at a predetermined pressure 
in a hermetic vessel 1 and the process gas 3 is circulated 
by a circulation fan 2 to perform predetermined processes. 

20 A drive-side rotor 2-1 and a non-drive-side rotor 2-2 

are provided on opposite sides of the circulation fan 2. 
The drive- side rotor 2-1 is rotatably supported by a 
control- type radial magnetic bearing 4 and a control -type 
axial magnetic bearing 6. The non-drive-side rotor 2-2 is 

25 journaled by a control- type radial magnetic bearing 5 and a 

9 
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control- type axial magnetic bearing 7 so as to universally 
rotate thereat. The drive-side rotor 2-1 is rotationally 
driven by a motor 8. 
: To the drive -side rotor 2-1 there are provided a 

5 displacement sensor target 4-1 and a rotor- side magnetic 
pole 4-2 of the radial magnetic bearing 4 f a rotor 8-1 of 
the motor 8, and a displacement sensor target 6-1 and a 
rotor-side magnetic pole 6-2 of the axial magnetic bearing 6. 
In the same manner as above, to the non-drive-side 

10 rotor 2-2 there are provided a displacement sensor target 5- 
1 and a rotor-side magnetic pole 5-2 of the radial magnetic 
bearing 5, and a displacement sensor target 7-1 and a rotor- 
side magnetic pole 7-2 of the axial magnetic bearing 7. 
The hermetic vessel 1 is provided with a drive- side 

15 casing 9 and a non- drive -side casing 10 at opposite ends 

thereof. The drive-side casing 9 is constituted of a casing 
body 9-1, a housing 9-2 for a protection bearing 11, and a 
bearing cover 9-3. The non-drive-side casing 10 is 
constituted of a casing body 10-1, a housing 10-2 for a 

20 protection bearing 12, and a bearing cover 10-3. 

Incidentally, each of the protection bearings 11 and 12 is 
not normally contacted and is used only for emergencies. On 
bearing surfaces of these protection bearings 11 and 12, a 
solid lubricant is applied; therefore, these bearings are 

25 not contamination sources. 

10 
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The casing body 9-1 of the drive-side casing 9 
accommodates a displacement sensor 4-3 and a stator-side 
magnetic pole 4-4 of the radial magnetic bearing 4, and a 
stator 8-2 of the motor 8. At an inner-circumferential end 
5 of the casing body 9-1 on a side of the hermetic vessel 1 
and at an inner-circumferential end of a side plate 13, a 
can 14 is fixed ,for example, by welding. 

On the bearing cover 9-3 on a side of the hermetic 
vessel 1, a stator-side magnetic pole 6-4 of the axial 

10 magnetic bearing 6 is installed; and on an outer surface of 
the stator-side magnetic pole 6-4, a can 15 is fixed ,for 
example, by welding. Furthermore, a displacement sensor 6-3 
is installed at a thin wall section of the bearing cover 9-3. 
The casing body 10-1 of the non-drive-side casing 10 

15 accommodates a displacement sensor 5-3 and a stator-side 

magnetic pole 5-4 of the radial magnetic bearing 5. At an 
inner-circumferential end of the casing body 10-1 on a side 
of the hermetic vessel 1 and at an inner-circumferential end 
of a side plate 16, a can 17 is fixed ,for example, by 

20 welding. 

In the bearing cover 10-3 on a side of the hermetic 
vessel 1, a stator-side magnetic pole 7-4 of the axial 
magnetic bearing 7 is installed; and on an outer surface of 
the stator-side magnetic pole 7-4, a can 18 is fixed, for 
25 example by welding. Furthermore, a displacement sensor 7-3 

11 
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is installed at a thin wall section of the bearing cover 10- 
3. 

Fig. 2 is a view showing detailed constructions of the 
radial magnetic bearing 4 and the motor 8 in the drive -side 
5 casing 9. The displacement sensor 4-3 and the stator-side 
magnetic pole 4-4 of the radial magnetic bearing 4 and the 
stator 8-2 of the motor 8 are accommodated in the casing 
body 9-1 in a state where their relative positions are 
individually determined with spacers 21-1, 21-2, and 21-3 

10 and the side plate 13. 

In inner-circumferential surfaces of the displacement 
sensor 4-3, the stator-side magnetic pole 4-4, and the 
stator 8-2, the can 14, which is as a thin-wall cylinder, is 
inserted, and two ends thereof are fixed, for example, by 

15 welding. The can 14 is formed of a material which has anti- 
corrosion characteristics against process gases. The plate 
of the can 14 is sufficiently thick to withstand the 
hermetic pressure of the process gas 3. 

Fig. 3 is a view showing a detailed construction of the 

20 radial magnetic bearing 5 in the non- drive -side casing 10. 
The displacement sensor 5-3 and the stator-side magnetic 
pole 5-4 of the radial magnetic bearing 5 are accommodated 
in the casing body 10-1 in a state where their relative 
positions are individually determined with spacers 22-1 and 

25 22-2 and the side plate 13. 

12 
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In inner-circumferential surfaces of the displacement 
sensor 5-3 and the stator-side magnetic pole 5-4, the can 17, 
which is as a thin-wall cylinder, is inserted, and two ends 
thereof are fixed ,for example, by welding. The can 17 is 
5 formed of a material which has anti-corrosion 

characteristics against process gases. The plate of the can 
17 is sufficiently thick to withstand the hermetic pressure 
of the process gas 3. 

Fig. 4 is a cross - sectional view showing a detailed 

10 construction of the axial magnetic bearing 6 provided in the 
drive-side casing 9. The stator-side magnetic pole 6-4 of 
the axial magnetic bearing 6 is supported by the bearing 
cover 9-3. On an outer surface of the stator-side magnetic 
pole 6-4 of the axial magnetic bearing 6, the can 15, which 

15 is as a thin disc, is fixed, for example, by welding. The 
displacement sensor 6-3 of the axial magnetic bearing 6 is 
installed at a thin wall section 9-3a of the bearing cover 
9-3. A construction of the axial magnetic bearing 7 
provided in the non-drive-side casing 10 is identical to 

20 that of the axial magnetic bearing 6 described above; 
therefore, a description regarding this identical 
construction is omitted. 

According to the construction described above, as shown 
in Fig. 4, in the axial magnetic bearing 6 provided in the 

25 drive-side casing 9, thrust against an axial load in the 
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left direction as viewed occurs; and in the axial magnetic 
bearing 7 provided in the non-drive-side casing 10, thrust 
in the direction opposing the abovementioned direction 
occurs; that is, thrust in opposite directions occurs to 
5 support axial loads in the opposite directions. 

In this circulation fan apparatus having such an 
arrangement as described above, the respective cans 14, 17, 
15, 18 and the can 14 are arranged between the rotor-side 
magnetic pole 4-2 and stator-side magnetic pole 4-4 of the 
10 radial magnetic bearing 4, between the rotor-side magnetic 
pole 5-2 and stator-side magnetic pole 5-4 of the radial 
magnetic bearing 5, between the rotor-side magnetic pole 6-2 
and the stator-side magnetic pole 6-4 of the axial magnetic 
bearing 6, between the rotor-side magnetic pole 7-2 and the 
15 stator-side magnetic pole 7-4 of the axial magnetic bearing 
7, and between rotor 8-1 and the stator 8-2 of the motor 8; 
and these cans are communicated with the hermetic vessel 1 
to form the hermetic space. 

In the hermetic space there are arranged the rotor- side 
20 magnetic pole 4-2 of the radial magnetic bearing 4, rotor- 
side magnetic pole 5-2 of the radial magnetic bearing 5, 
rotor-side magnetic pole 6-2 of the axial magnetic bearing 6, 
the rotor-side magnetic pole 7-2 of the axial magnetic 
bearing 7, and rotor 8-1 of the motor 8. In the outside of 
25 the space there are arranged the stator-side magnetic pole 

14 
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4-4, the stator-side magnetic pole 5-4, the stator-side 
magnetic pole 5-4, the stator-side magnetic pole 6-4, the 
stator-side magnetic pole 7-4, and the stator 8-2 which 
oppose the stator-side magnetic poles 4-2, 5-2, 6-2, 7-2 and 
5 the rotor 8-1 described above, respectively- By this 

arrangement, materials that would contaminate the process 
gas 3 can be excluded from the hermetic vessel 1. 

Furthermore, since the drive- side rotor 2-1 and the 
non-drive- side rotor 2-2 of the circulation fan 2 are 

10 rotatably supported by radial magnetic bearing 4, the radial 
magnetic bearing 5, the axial magnetic bearing 6, and the 
axial magnetic bearing 7 without being contacted, metal dust 
resulting from friction and the like can be avoided. 
According to this, the service life of the process gas 3 can 

15 be longer. Furthermore, since magnetic bearings are used, 
maintenance -free operation can be realized. 

Furthermore, since the circulation fan 2 is rotated by 
a driving force generated by the action of the rotor 8-1 
fixed to the drive- side rotor 2-1 of the circulation fan 2 

20 and the opposing stator 8-2 of the motor 8, magnetic 

coupling as a force transmission means is not required, so 
that it is possible to make smaller the installation space 
for the apparatus . 

Incidentally, in the above embodiment, a motor is 

25 mounted at one side and two opposite sides are distinguished 

15 
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as a drive side at which the motor is mounted and as a non- 
drive side at which the motor is not mounted; however, a 
construction may be such that motors are mounted at the two 
opposite sides to rotate the circulation fan 2 at a higher 
5 speed. 

Fig. 5 shows another construction example of a 
circulation fan apparatus according to the present invention. 
The circulation fan apparatus of this embodiment is the same 
as the aforementioned circulation fan apparatus with respect 

10 to an arrangement in which a corrosive process gas 3 
necessary for effecting various chemical or physical 
processes is sealingly contained in a hermetic vessel 1 at a 
predetermined pressure, and the process gas 3 is circulated 
by circulation fan 2 to perform predetermined processes. 

15 A drive-side rotor 2-1 and a non-drive -side rotor 2-2 

are fixed at two opposite sides of the circulation fan 2. 
The drive-side rotor 2-1 is rotatably supported by a 
control-type radial magnetic bearing 4. The non- drive -side 
rotor 2-2 is rotatably supported by a control-type radial 

20 magnetic bearing 5 and an axial magnetic bearing 7. The 
circulation fan 2 is rotationally driven by a motor 8 
through the drive -side rotor 2-1. 

To the drive-side rotor 2-1 there are fixed a 
displacement sensor target 4-1 and a rotor-side magnetic 

25 pole 4-2 of the radial magnetic bearing 4, a rotor 8-1 of 
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the motor 8. To the non- drive -side rotor 2-2, there are 
fixed a displacement sensor target 5-1 and a rotor-side 
magnetic pole 5-2 of the radial magnetic bearing 5, and a 
displacement sensor target 7-1 and rotor-side magnetic pole 
5 7-2 of the axial magnetic bearing 7. 

The displacement sensor target 4-1 and the rotor-side 
magnetic pole 4-2 of the radial magnetic bearing 4, and the 
displacement sensor target 5-1 and the rotor-side magnetic 
pole 5-2 of the radial magnetic bearing 5 are formed by 
10 overlaying thin silicon steel plates. To prevent corrosion 
under the process gas 3, an anti-corrosion coating, for 
example, Ni-plating or Teflon-coating, is applied to the 
surfaces of the silicon steel plates, or the surfaces can be 
covered by a thin plate of an anti-corrosive nonmagnetic 
15 material. 

The displacement sensor targets 4-1 and 5-1 and the 
rotor-side magnetic poles 4-2 and 5-2 of the radial magnetic 
bearings 4 and 5 and displacement sensor targets 7-1 and 7-2 
of the axial magnetic bearing 7 may be formed of Permalloy. 
20 Since Permalloy includes a large amount of nickel so as to 
increase anti-corrosion characteristics, anti-corrosion 
processing can be omitted for the surfaces of the 
displacement sensor targets 4-1 and 5-1 and the rotor-side 
magnetic poles 4-2 and 5-2 of the radial magnetic bearings 4 
25 and 5, and displacement sensor targets 7-1 and 7-2 of axial 
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magnetic bearing 7. Accordingly, the distance between the 
rotor-side magnetic poles 4-2 and 5-2 and stator-side 
magnetic poles 4-4 and 5-4, and the distance between the 
rotor- side magnetic pole 7-2 of the axial magnetic bearing 7 
and the left and right stator-side magnetic poles 7-4 and 7- 
5 can be reduced, by which performance and efficiency of the 
radial magnetic bearings 4 and 5 and the axial magnetic 
bearing 7 can be improved. 

On the *other hand, a drive- side casing 9 and a non- 
drive-side casing 10 are provided at two opposite sides of 
the hermetic vessel 1. The drive-side casing 9 is formed of 
a casing body 9-1 and a housing 9-2 for a protection bearing 
11. The non-drive-side casing 10 is formed of a casing body 
10-1 and a housing 10-2 for a protection bearing, and a 
bearing cover 10-3. 

The casing body 9-1 of the drive-side casing 9 
accommodates a displacement sensor 4-3 and a stator-side 
magnetic pole 4-4 of the radial magnetic bearing 4, and a 
stator 8-2 of the motor 8. At an inner-circumferential end 
of the casing body 9-1 on a side of the hermetic vessel 1 
and at an inner-circumferential end of a side plate 13, a 
can 14 is fixed in a manner such as by welding. 

The casing body 10-1 of the non-drive- side casing 10 
accommodates a displacement sensor 5-3 and a stator-side 
magnetic pole 5-4 of the radial magnetic bearing 5. At an 
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inner-circumferential end of the casing body 10-1 on a side 
of the hermetic vessel 1 and at an inner-circumferential end 
of a side plate 16 , a can 17 is fixed, for example, by 
welding . 

5 In the housing 10-2 for the protection bearing 12, the 

right-stator-side magnetic pole 7-5 of the axial magnetic 
bearing 7 is installed; and on an outer surface of the 
right-stator-side magnetic pole 7-5, a can 19 is fixed ,for 
example, by -welding. In the bearing cover 10-3, the left- 

10 stator-side magnetic pole 7-4 and a displacement sensor 7-3 
of the axial magnetic bearing 7 is installed; and on outer 
surfaces of the lef t-stator-side magnetic pole 7-4 and the 
displacement sensor 7-3, a can 18 and a can 20 are fixed, 
respectively, , for example, by welding. 

15 The cans 14, 17, 18, 19, and 20 are formed of a 

nonmagnetic material which has anti-corrosion 
characteristics against process gases and does not disrupt 
magnetic-flux lines generated by the axial magnetic bearing 
7 and the motor 8. By this, corrosion caused by processing 

20 gases can be prevented, and deleterious effects are not 
experienced in the performance of the radial magnetic 
bearings 4 and 5 , the axial magnetic bearing 7 , and the 
motor 8. Since these cans 14, 17, 18, 19, and 20 are 
components constituting the hermetic vessel 1 , their plates 

25 are sufficiently thick to withstand the hermetic pressure. 
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Particularly, for the process gas 3 including a 
fluorine gas or a chlorine gas, by use of a material such as 
austenitic stainless steel or a nickel -molybdenum-chromium 
alloy for the cans 14/ 17, 18, 19, and 20, corrosion by the 
5 process gas 3 can be prevented for the cans 14, 17, 18, 19, 
and 20. Since the austenitic stainless steel and the 
nickel-molybdenum- chromium alloy have higher mechanical 
strength, the cans 14, 17, 18, 19, and 20 of thinner plates 
can be used.. Furthermore, since these materials are 

10 nonmagnetic, the radial magnetic bearings 4 and 5, the axial 
magnetic bearing 7 , and the motor 8 are able to operate 
effectively. Nevertheless, since the material of these cans 
differs depending upon the process gas, the hermetic 
pressure, and the like, it is not restricted to materials 

15 such as austenitic stainless steel and the nickel- 
molybdenum -chromium alloy, and it may be a thin plate, a 
protection layer of thin films, or the like of a different 
material. 

Fig. 6 is a view showing detailed constructions of the 
20 drive- side radial magnetic bearing 4 and the motor 8 in the 
drive-side casing 9. The displacement sensor 4-3 and the 
stator-side magnetic pole 4-4 of the radial magnetic bearing 
4 and the stator 8-2 of the motor 8 are accommodated in the 
casing body 9-1 in a state where their relative positions 
25 are individually fixed with spacers 21-1 and 21-2 and the 

20 



3NSDOCID: <WO 9942731 A1J_> 



WO 99/42731 ' - PCT/JP99/00709 

side plate 13. In inner- circumferential surfaces of the 
displacement sensor 4-3, the stator-side magnetic pole 4-4, 
and the stator 8-2 of the motor 8, the can 14, which is as a 
thin-wall cylinder, is inserted, and two ends thereof are 
5 fixed ,for example, by welding to an inner-circumferential 
end of the casing body 9-1 on a side of the hermetic vessel 
1 and to the inner-circumferential end of the side plate 13. 

Fig. 7 is a view showing detailed constructions of the 
non-drive- side radial magnetic bearing 5 and the axial 
10 magnetic bearing 7. The displacement sensor 5-3 and the 

stator-side magnetic pole 5-4 of the radial magnetic bearing 
5 are accommodated in the casing body 9-1 in a state where 
their relative positions are individually fixed with spacer 
22-1 and the side plate 16. In inner- circumferential 
15 surfaces of the displacement sensor 5-3 and the stator-side 
magnetic pole 5-4, the can 17, which is as a thin-wall 
cylinder, is inserted, and two ends thereof are fixed , f or 
example, by welding to an inner-circumferential end of the 
casing body 10-1 on a side of the hermetic vessel 1 and to 
20 the inner-circumferential end of the side plate 16. 

Furthermore, the right-stator-side magnetic pole 7-5 
and the lef t-stator-side magnetic pole 7-4 of the axial 
magnetic bearing 7 are accommodated in the housing 10-2 for 
the protection bearing and the bearing cover 10-3 at 
25 positions opposing to each other. The displacement sensor 
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7-3 is accommodated in the bearing cover 10-3. 

Outer surfaces of the right-stator-side magnetic pole 
7-5, the lef t-stator-side magnetic pole 7-4, and the 
displacement sensor 7-3 of the axial magnetic bearing 7 are 
5 covered with the thin-disc-like cans 19, 18, and 20 which 
are fixed thereon , for example, by welding. 

Incidentally, in the above example, a motor is mounted 
at one side, and two opposite sides are distinguished as a 
drive side* at which the motor is mounted and as a non-drive 

10 side at which the motor is not mounted. However, a 

construction may be used whereby the motors are mounted at 
the two opposite sides to rotate the circulation fan 2 at a 
higher speed. 

In this circulation fan apparatus having such an 

15 arrangement as described above, in the same way as in the 

case of the circulation fan apparatus shown in Figs . 1 to 4 , 
materials that would contaminate the process gas 3 can be 
completely excluded, metal dust resulting from sliding and 
the like can be avoided, and the service life of the process 

20 gas 3 can be increased. Furthermore, since magnetic 

bearings are adopted, maintenance-free operation can be 
realized, by which a magnetic coupling as a force 
transmission means can be omitted, so that it is possible to 
reduce the installation space for the apparatus . 
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(INDUSTRIAL APPLICABILITY) 

As described above, according to a first aspect of the 
present invention, magnetic bearings are adopted as bearings 
for rotatably supporting rotors of a circulation fan, 
5 displacement sensor targets and rotor-side magnetic poles of 
the magnetic bearings are fixed to the rotors of the 
circulation fan and are disposed in a hermetic space, and 
displacement sensors and stator-side magnetic poles of the 
magnetic bearings are disposed outside of a hermetic vessel 
10 with cans or protection layers interposed therebetween . 

Therefore, superior advantages, as described below, can be 
obtained. 

® Degradation of process gases can be avoided, 
maintenance of the apparatus can be reduced, and stable 
15 processing (apparatus operation) can be continuously 

performed. Particularly, these advantages are notable when 
the circulation fan is rotated at a higher speed and a load 
for supporting the fan is greater. 

© Since the circulation fan in the hermetic vessel can 
20 be supported by the magnetic bearings without being 

contacted, maintenance-free bearings can be realized. 

Furthermore, according to a second aspect of the 
present invention, a motor rotor is fixed to a rotor of the 
circulation fan, the motor rotor is disposed in the hermetic 
25 space communicating with the hermetic vessel, and a motor 
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stator opposing the motor rotor is disposed outside of the 
hermetic vessel with the can or the protection layer 
interposed therebetween. In this case, degradation of the 
process gas can be avoided; and since a rotational driving 
force is provided to the circulation fan from the rotor, 
magnetic coupling is not required and an installation space 
can be made small. 

Furthermore, according to a third aspect of the present 
invention, -either the displacement sensor targets of the 
control-type bearings or the rotor-side magnetic poles or 
both of them are formed of Permalloy; therefore, anti- 
corrosion processing can be omitted for surfaces of the 
displacement sensor targets and the rotor-side magnetic 
poles. Accordingly, a distance between the rotor and stator 
can be reduced, by which performance and efficiency of the 
magnetic bearings can be improved. 

Furthermore, according to a fourth aspect of the 
present invention, since the cans are formed of austenitic 
stainless steel, corrosion by the process gas can be 
avoided; and since the austenitic stainless steel has 
superior mechanical strength, cans formed from thinner 
plates can be used, by which the distance between the 
individual rotors and stators of the magnetic bearings and 
the motor can be reduced to improve performance and 
efficiency of the magnetic bearings and the motor. In 
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addition, since the austenitic stainless steel is a non- 
magnetic material, improvement in performance and efficiency 
and a reduction in size of the magnetic bearings can be 
realized without disrupting a magnetic force generated by 
5 the magnetic bearings and the motor. 

Furthermore, according to a fifth aspect of the present 
invention, since the cans are formed of a nickel -molybdenum- 
chromium alloy, corrosion by the process gas can be avoided; 
and since thte nickel-molybdenum- chromium alloy has higher 

10 mechanical strength, cans formed from thinner plates can be 
adopted, by which the distance between the individual rotors 
and stators of the magnetic bearings and the motor can be 
reduced to improve performance and efficiency of the 
magnetic bearings and the motor. Furthermore, the nickel - 

15 molybdenum- chromium alloy is non-magnetic, improvement of 
performance and efficiency and size reduction of the 
magnetic bearings can be realized without disrupting a 
magnetic force generated by the magnetic bearings and the 
motor. 



25 



SDOCID: <WO 9942731 A 1_l_> 



WO 99/42731 



PCT/JP99/00709 



CLAIMS 

1. A circulation fan apparatus including a hermetic 
vessel containing a corrosive process gas therein and a 

5 circulation fan installed in said hermetic vessel, rotors of 
said circulation fan are rotatably supported by bearings, 
wherein said apparatus is characterized in that said 
bearings comprise control-type radial magnetic bearings and 
at least one control- type axial magnetic bearing, 

10 displacement sensor targets and rotor-side magnetic poles of 
said radial magnetic bearings and axial magnetic bearing are 
fixed to the rotors of said circulation fan and are disposed 
in a hermetic space communicating with said hermetic vessel, 
and displacement sensors and stator-side magnetic poles 

15 opposing said displacement sensor targets and rotor-side 

magnetic poles are disposed outside of said hermetic vessel 
with cans or protection layers interposed therebetween. 

2. A circulation-fan driving motor for said 
circulation fan apparatus as claimed in claim 1 , wherein a 

20 motor rotor is fixed to at least one rotor of said 

circulation fan, said motor rotor is disposed in said 
hermetic space communicating with said hermetic vessel, and 
a motor stator opposing said motor rotor is disposed outside 
of said hermetic vessel, with the can or the protection 

25 layer interposed therebetween. 
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3. A circulation fan apparatus as claimed in claim 1, 
wherein either the displacement sensor or the rotor- side 
magnetic poles of said magnetic bearings or both of them are 
formed of Permalloy. 

4. A circulation fan apparatus or a circulation-fan 
driving motor as claimed in claim 1, 2, or 3, wherein the 
cans are formed of austenitic stainless steel. 

5. A circulation fan apparatus or a circulation-fan 
driving motor as claimed in claim 1, 2, or 3, wherein said 
cans are formed of a nickel -molybdenum- chromium alloy. 



.9942731A1_L> 



27 



WO 99/42731 



PCT/JP99/00709 




3NSD0CID: <WO 9942731 A 1_l_> 



WO 99/42731 



PCT/JP99/00709 



Fig. 3 
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Fig. 4 
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Fig. 7 
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